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h^^J^iT-fef^/Wbi^^ (Histone deacetylase:HDAC) Pl^^Rl^Si; 

w^^m<oi7xi'7^vwB.h^M.'^=i-(o%m^. yi:^vvr-^^Mwm (had 

J: 5 1 ;^ b >'<^T-fe^/Wk "cT^y yi^T-fe^^/Wb^il (HDAC) \^ii^m.r 
•fe'9^/Hblz:J;oT^i5$tiTv>5o hdac <opl||^d5:^A/M«^^'fb-^x ra^Y 

S (Marks, P. A., Richon, V. M., and Rif kind, R. A. (2000). Histone deace 
. tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chranatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , Loffler, M. , Hartmann, B. L. , 
Yoshida, M. , Kof ler, R. , and Csordas, A. (1999) . Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) e 

^J(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M. , and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T. , Mariko, Y., Nosaka, Y. , Tsuchiya, K., Ando, T. , Suzuki, T., Tsuruo, 
T. , and Nakanishi, 0. (1999). A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against hximan turn 
ors. Proc. Natl. Acad, Sci. USA 96, 4592-4597) ©Kli^iF^dSWM$tb"CV>S 

O 

mkcs^mmmnh \^x\th)} ^^^^^i^ k (tsa) a^^^rr^h^^xoshua, 

M., Kijima, M., Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatin A. J. Biol. Cham. 265, 17174-17179)o TSA «&jfl^^Jia^ 

w^Biia. %muutiiE(o^i\:.^mm-t^^bi^^h^x\i^^ (Yoshida, m., n 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 
murine erythroleukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y., Kijima, M, , Yoshida, M., and Beppu, T. Expression of different! 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 
S., Horn, V., Bhattacharyya, N., Russanova, V., Ogryzko, V. V., Gabriel 
e, L. , Howard, B. E , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M., A 
rima, S., Tanaka, H., Hayashi, M., Kim, Y. B. , Furumai, R., Yoshida, M., 
Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 
2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Vang, J., Sauntha 
rara jah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 
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1- ETO leukemia cells. Cancer Res. 59: 2766-2769, 1999; Munster, P. R, 
Troso-Sandoval, L , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F., Gelm 
etti, v., Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase- targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , Schimpf, 
A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMBO J. 20: 6969-6978, 

2001) o ^ hi^mAcmwMtim^j^^mmx-m^'^mm^mmtt^m^ 
^mmi^^m^'f'm^^^i^m^'rui'y -c^mt m>Ac mmMtcommxt^ 

/u^SkO^jtib^iSM^in?) (Minucci, S., Horn, V., Bhattacharyya, N., Russ 
anova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F. , Fazi, F., Bianchini, A., Padula, F., Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F., and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C, Kutko, M. C. , Click, R. D. , Butler, L M. , Heller, G., R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblasto 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C, Fazi, F., Gentile 
, M. , Diverio, D. , De Fabritiis, P., De Propris, M. S, , Fiorini, R. , Spi 
riti, M. A. , Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 

100: 1065-1067, 2002) , *fc. ^< m^A^ms^x^m^Aynum.^'f'O^m^^ 

(Nan, X., Ng, H. H., Johnson, C. A., Laherty, C. D., 
Turner, B. M. , Eisenman, R. N. , and Bird, A. Transcriptional repression 

by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
coiiQ)lex. Nature 393: 386-389, 1998; Cameron, E. E., Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999; Li, Q. L, Ito, K. , Sakakur 
a, C. , Fukamachi, H., Inoue, K., Chi, X. Z., Lee, K. Y. , Nomura, S., Lee 
, C. W. , Han, S. B. , Kim, H. M. , Kim, W. J., Yamamoto, H. , Yamashita, N. 
, Yano, T. , Ikeda, L, Itohara, S. , Inazawa, J., Abe, T. , Hagiwara, A., 
Yamagishi, H. , Doe, A., Kaneda, A., Sugimura, T. , Ushijima, T. , Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L Antineoplastic action of 
5-aza-2'-deoxycytidine and phenylbutyrate on human lung carcinoma cells. 

Anticancer Drugs 13: 869-874, 2002; Primeau, M. , Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) <> 

HDAc pi^j^ijfi, ^J^s^^iUTw>ib•f. i^/uf^mmtvxhm'^^tix 

:Lth^^flX\/^^ (Gottlicher, M., Minucci, S., Zhu, P., Kramer, 0. H. , 
Schimpf, A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G, , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cellsi. EMBO J. 20: 6 
969-6978, 2001) „ 

kin-Rattray at al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) :^if 

(omm-^mm. ^^i^tim.^^i^mK^n^-<^^-mA(ommit CDionet 

al., Virology 231, 201-209, 1997) , ^Aat^^^O^^Ttai (Chen et al., 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) tS: if^^ fj:ft^MhU^hflX 

v>5o ^it. mhcmmm\t]k^m±mmi¥m^ir?>i:n^hfix\,^^ (om, 

M. S. , Kwon, H. J., Lee, Y. M., Baek, J. H. , Jang, J. E. , Lee, S. W. , Mo 
on, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim 
, M. S., Kim, M. J., Nakajima, H., and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) o 
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h ^ (Ito, A. , Ui, C. H. , Zhao, X. , Saito, S. , Hamilton, M. H. , Appella, 
E., and Yao, T. P. (2001). p300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMBO J. 20, 13 
31-1340). ^(DmmmM\^m)ACl-^mAC2i)mt>?>:Lt(jMan, L. J., Shia, W. 
J. , Chen, M. E , Yang, W. M. , Seto, B. , Lin, Y. S. , and Wu, C. W. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443) . BU'frM3t'l46iLl^ (APL) (D^ 

m\^mt>?>m&M pml-rar ^ plzf-rar. V :^^<m(D^m\^mt>^ sci-e moa^ 

S (Dhordain P. , Albagli, 0. , Lin, R. J. , Ansieau, S. , Quief, S. , Leutz, 
A. , Kerckaert, J. P. , Evans, R. E , and Leprince, D. (1997) . Corepressor 

SMRT binds the BTB/POZ repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S., Ner 
vi, C. , Tomassoni, L. , Gelmetti, V. , Cioce, M. , Fanelli, M. , Ruthardt, M 
Ferrara, F. F., Zamir, I., Seiser, C, Grignani, F. , Lazar, M. A., Mi 
nucci, S. , and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocytic leukaemia 
. Nature 391, 815-818; He, L. Z., Guidez, F., Tribioli, C. , Peruzzi, D., 

Ruthardt, M., Zelent, A., and Pandolfi, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L., Inoue, S., Shao, W., Miller, ff. J., and Evans, R. M. (1998). 
Role of the histone deacetylase coii5)lex in acute promyelocytic leukaemia 
. Nature 391, 811-814)o ^<D-:^X\ mWi^mmm^i-^mkC^zf^^y 
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^^tt(McKinsey, T. A., Zhang, C. L., Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a histone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445), :ifl^^m.^LfS:\i^tMZ.\i'^Z^^-< 

HDAC6 \tm^w^\^ i o xm-mmnm ^ h mnitrnmnKm^-r 

^M^'^h^ (Verdel, A., Curtet, S., Brocard, M.-P. , Rousseaux, S., Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/niHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 

749) o wkc&\mM:^it*x-^mm<. jEnf^m^<Ds^itimi:>^tm^^n 
^it. HDAC6rim/Mf©jittT"fe^;Wb(2:ii#u. m^*0(o^^^^mm-r?> 

^ tdS^PjjT/'CV^S (Matsuyama, A., Shimazu, T. , Sumida, Y. , Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y., Nishino, N. 
, Khochbin, S., Horinouchi, S., and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDACS-mediated deacetylation. EMBO J 

. 21. 6820-6831) o ^hK, mkC6\-m^h^\^^'^ir^Br±'^M[Mmx^ 

M^(D^3^\zM-'^'t^ (Hubbert, C, Guardiola, A., Shao, R., Kawaguchi, 
Y., Ito. A., Nixon, A., Yoshida, E, Wang, X.-F., and Yao, T.-P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 

o i o T HDAC6 (ommmit^t^MM tfj:^ -^mm^ h So tsa hdac -t-f 

VX^i^^^^iy^ h h 7:^^V:/(*HDAC6 ^mMiT^ ^hii^X%fi\>^ (Fu 

rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98 : 87-92, 2001.) » mm(0±im^(Dmmib^^. WikThy 

m^r- Yy^-f^ Kg!J^<^«jt(c j;oTHDAC6 }i<om'k'm^'^'^^hW^^h.^,. 

:L<DZLh mlw^t- vy^-f^ ^^^^(oJk'mz.ii^xm.^ ii hdac 

TSA Jit Kn HDAC m^^^ v VnxmM^W^-fh ^ h 

^^'^^ir (Finnin, M. S., Donigian, J. R. , Cohen, A., Richon, V. M., Ri 
fkind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193, 1999.) „ I: Ko '¥1^A^i|r^i-$ HDAC RaH^gpjt U 

Oxamflatin (Kim, Y. B., Lee, K.-H., Sugita, K., Yoshida, M. , and H 
orinouchi, S. Oxamflatin is a novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) ^ CHAP (Fur 
umai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98 : 87-92, 2001., Komatsu, Y., Tomizaki, K.-y., Tsukamoto 
, M., Kato, T. , Nishino, N., Sato, S. , Yamori, T. , Tsuruo, T, , Furumai, 
R., Yoshida, M. , Horinouchi, S. , and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) ilEh^h 
nTV^Se Ud>U TSAttjliLif»-e^^jtt?fc5±»::h KodE^i^i^ilO^U-^f^ 
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^(DMTnKi: D ^ HDAC mB^^ y h l^offi^ t Wmir^m 

(Dm^:tlX*m7t^tlX^mti-^yx3 V7 iy:f^X-h^ (Furumai, R., Matsuyama 
, A. , Kobashi, N. , Lee, K. -H. , Nishiyama, M. , Nakajima, H. , Tanaka, A- , 
Komatsu, Y., Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a nattiral prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) „ 

>^^w-om)Acm.mMi>m^^m^fix\^^6o ^(Dx^tj:^M.f)^^. mmmm^ 

m-^rnVty" Yy^zf'^ K«5to^ffi^4^s^|^§t^.TV^ 5 Yoshida e>, 1 

995). :in^x(Dmmmn^^i^^j:if(Dm^(D^xmmffak Lx+s^\z.m^x^ 

m-f^mk'T V y-<f'f- mjt^w-rs^k-B^'fe^'g'^L. ^<o hdac wm^^^ 
mx\.iti^^^ '^^^^^'t^^'kmtin vitro x\mn\m\.x 

^^$^^i^^v^HDAcPl^^ttil:^$3^^v^^^ ji7c^jT'feSi^f-;r;^v>f y-)v^ 
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S r t i ij i\:^^^(D]km'^-r^(0^^mmir ttU^. (-sx) im^ 

is^mmit^m^m^^^^ ^ i: o . hdac mmm&>f^\^hmm(Dmm:^^n 

ti] &.T(o~^^ (1) -e^^ns-fb-a-tio 



'43 P 




R23, R32, R,3, R,3«^tt^n^AfcLT7K^. 1~6 ©ii[i^T/V=¥/l'S 

7V:ar/V'S(^VN-fti:6^^^-r, t.fcs R2,^:R22. ^22^:^23. R3, ^ R32. R32tR33. K 

mwc 1-5 <^ff^T/v^ ;^mic 1-6 (o^mm^m-r^mM^mm i~5 

©Ei^T/v^ i/^-S, % b < fi. i~6 o^«5t^fix.:fc^:R^^ic 1~5 
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'5J:^;%fc5T/v^/wS'bU<f*Ti;— /VS. ^t:i\tmf&^ ^ R32. R33. R42 

C3D [13 Bmo^t^m^^^m^ti.x^^'r^. r:^h-i^:^mmm. 
C4D ci3 nm(Dit^i\^^:^^^^tvx^m-r?>. ^immMo 

[63 [13 ES'^^^b-a-^^^^^^tb-c-^w-rs. TH^A^mmimmo 

[73 [13. Emt^^b-g-Jfe^^^^^^ t LT-^Wr 5> t ;^ h yiittT-fe5"/V'fli 
[93 -15?^ (2) 



Pi-NRir ^COOH 

(^tp^ n (1) -Cfe«Lfci:l^^-efet). Hal it&mm^. ^^M^ 




(2) 
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HNR2I 




COOP2 



(^■^^ R,i, R2,, R22, R31. Rs2. Rs3. R41. R42. Rx^^it. (1) -e 



(^tpN n, R,„ Rj„ R22, R,,, Rjj, R,,, R^^, R^, p^, p^, ^T^Hal \t 

) 



(o^tfj^ n. R„. Rji. R22, Rj3, R3,, R32, R33, R4,, R^ R^, p„ p^ ^t^Hal ^ 

) 



Pi-NRii 




COOP2 
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PI-NR2I 




COOH 



(6) 



i^^. R«. R23. Rsp R32. R33. R41. R42, R43. ^^Pi BuET*^^Lfc 
kmm-^h^) -C^^fi^it^^^. (7) 



Pi-NR2i^'^^CONR3i'^^CONR4i-^ ^CONRii*^ ^C00P2 

(8) 

(^"f", n, R,„ Rai, R22. R23. Rsi. Raj. R33. »«. R42. R^s. P2. SU^Hal I* 

Rm^'tx. ^m-m. (5) ??cv>-t?-«j^ (5) -x?^ 




(7) 
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R43 




R23 



(^1'. n, R„. R2,, R22. R23, R3,. R33, R,„ R,2, Rx^Ri^}t. m-^^mx. 

#7ft HDAC PIW^J t L-C^ffl-et So 

±iS^ (1) 't'. Rn, R2,. Rji, R4,fi^tb^MAS:UT7K^*fcttp<^/^S<!; 
i-S;ii:;aST'^So ^fc, R23, R^ Rj^ R3,, R^, Kt^n, ^fi^fim±VX7i(.m 

^S^•a'UTV^T'^>iV^„ *fc. Rjj^Rjj, Ra^Ra. R3, i R32. R32 Rss. R41 ^ R« 

m i~5 (ommr/v'^ mm^ i~6 (©i^-n^^^^-rs^^s^^i^ i~5 © 
Ei^T/i"¥ vys. t> t < i~6 ommm^m^tim^mfk i~5 ©e 

K«3ti3J5>(i HDAC <D^^ ^yh^^^<:^^yyt vxmm Lm^t^K. 
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m<D^-^^^m^^fcmz^ xicfi^^rtr-ftiit^tb. ^^^t^^^-e^^^^vN*^* 

^ffiv^5::t;o50*bv^o ^oii^fm^mtLX}^. mmxtm\)'^^i^Mm 

<. m^&^Mxi^^-i!)^(D^m^7^irh(Dxh'oxhi:<. m^ummt 
Lx<Dmm^m:^x\f^^i>(Dxh<:>xh^\^\ ^<ox7^^nm^^^t^m.^m 

iti^xhox mmmnw^'f- 1 ( i ) ^(Dmnm^f- 1 i^7.;v7 ^ yw^^^ 

Lr^-a'L#^T/V^7VSt>U<«Ty-/vS. *fc:(tBulBR22, ^ R32, R33. 
St)L<«Ty-/v^«. $b^^:g^feSJfcifM;tTV^T4>J:<. HDAC 

ummhm^^^\'^\i.mf3:^^m^^n\^'^^m^^h\.x^i:\i\ 



wo 03/070754 



PCT/JP03/01859 



-16- 



<D^^7- h 7^z^f- mm^hmnm'f-^^commmnat^^fi^bmmit. hdac 

•etSo '^i^S, R,i. II,,, R^, R^, R33, R^j, R^^, R^^^ *5il^n;feif<^^ 



P1 - NR11 




(2) 



■e^^tbS'fb'g^. -^^ (3) 
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HNR2I 




COOP2 



(3) 



'ffc;R;&$*. -^^ (5) 



P1-NR11 




CONR41 



R42 R43 



X 



COOP2 
(4) 




(5) 



t:^t^nmtR}t^:^^. -Wt^ (9) 
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R43 



R33— J^l^31 R51 (9) 



R32 

'R22 

R23 



S:^ifeT'fcSo ;Sr#:fi«J{c:}i, (6) 

R22 R23 R32 R33 R42 R43 

Sc SI y 

Pi- NR21 ^"^^^ C0NR31*'''''^ CONR41 -'^'^ COOH 

'e^$i^5^b-a^s^. (7) 




(7) 

HRliN*^ ^C00P2 



wo 03/070754 



PCT/JP03/01859 



-19- 



P1-NR2I 




CONR1I 



Hal 



COOP2 

(8) 



tiUmh^m^^. (9) 



r ^:6Sgt|{f;5if>^t,^XV>5 (Yoshida, M., Nomura, S., and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M., Yoshida, M 




(9) 
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and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 

Biol, Chem. 55: 1491-1495, 1991; Minucci, S., Horn, Y. , Bhattacharyya, 

, Russanova, V* , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, li, Arima, S. , Tanaka, H. , Hayashi, 

M. , Kim, Y. B. , Furumai, , Yoshida, M. , Horinouchi, S. , and Omura, S. 

(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone L Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AMLl-ETO leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T., Rosen, N., 
Rifkind, R., Marks, P. A., and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61 : 8492-8497, 2001 ; Ferrara, F. F. , 
Fazi, F., Bianchini, A., Padula, F. , Gelmetti, V., Minucci, S. , Mancini, 

M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S. , Zhu, P., Kramer, 0. H. , Schimpf, A., Giavara, S. , Sleeman, J. P 
Lo Coco, F., Nervi, C. , Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMBO J. 20: 6969-6978, 2001) o <J:oT, 
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o 

mAC^mm-r^it^^n. JkWff^^^i^iW■f-'5t^^$i^TV^5 (Kim 
, M. S. , Kwon, H. J. , Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, 
K. W. (2001). Hi stone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., K 
im, M. S. , Kim, M. J., Nakajima, H. , and Kin, K. W. (2002). Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 

290-296) „ J:o-c. *^0^<D^b^#(t, sk'^m±mmMtLX^,mmx-^^o 

t.tc, ^^^moyit^mt. o hdac (Dt>h. hdac 1 , 4\zlm vxm^^\^ 
mmm^^^^iTo ^(ofcib. ^?^m(Dit'B-m-i. hdaci, 4\zmmvtcmm 

\7: HDAC 1 . 4 i>m-^ Lfc i Bife^m. J^^M. m^m^ i^^^ii>^ :iti>^ 

m(ommfft^^mmmm^i^^^^'txhx\i\ ^(Dmrnmrnt hxn^mcomm 
i^fhmm^^iii^mmi^n^^cxm^x^. m^t£. mm. %m. nm. mi 

io-:r^)vn\zm^'f^z.}iii^x^-bmm\h\.x\%. m^xt-^y^v. 
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'fb-^-hy i>Ad5#tf^>tb, ji^jfe^jwwj. m^itr^v=i-jv, Mi^mz}^:^ 
-/K $¥4:t>^^m^mMs m^tf^v y/^^—v 80™, Hco-50 td^mvx 

/K ^yi^^i-T/\^=i-/\^tmmvxh^\,\ ^fc. mmm. m^afv ymmmm 
mt\.xtt. mx.ti. mtmms mM-^^mm. ^s^m. m&^-mts^ir 

^sfca 60kg t LT) {il:fo'V^T«. 1 B^y)mo.01 SOmg, 0^ b < tt^ 

0. 1 36^ 20mg, ^y)0t.L<\tmo.l7!)^h lOmg SB^ilr^JIII^fc J: U ^-^-f 5 



wo 03/070754 



PCT/JP03/01859 



- 2 3 - 

. n^m^. m.'^. i^^:^m\^^'^xhm^j:^i)^. m^t^mnmx mm eokg 

m 1 it. ?S#ST-fe5^;*--^V«*-e®^^0fc 5 (O LDLD VMi LDLL 

o SCOP (7)^5t(^— ^^^i-m-cfeSo 

@ 2 it. m^mx h ^ ^^-/i^m-kxo^mmMc. 4 ~ ? <^ scop (omi^^^-r 

ST'feSo ^*5> 0(:::feV^TSCOP152 (C5)«s Ell i:fi^LT:^i-„ 
EI3f:i. ^^iJ''^"^— ^(DSC0P(^«l3t;lr^-t-|a"C*)5o ^ji*3, SCOP#-^«* 

S4«, SCOP 1 5 2\cm^(0^\:^^^^^^^'^fc^^-(^V y ]^m<D SCO? (DM 
msit. 5^^<^)Cyl-l, Cyl-2(*a:#:3i/7;J-7<— ^'Sr^f^tffe-So 

ig7f*, SCOP 152^ SCOP 304 ^oit/J SCOP 402 <DM.W^X<0^^^(DWiS5^^ 
mSit. SCOP 152, SCOP 304 ^3 J: SCOP 402 U'^/l'-eO^SI*©^^ 

^n^fcw^^^-r^Mxh^o 

:^mMmX^-tit^m<D^^TM(D±i^(Omfl^^l. 2JJ:^L, H-L-Ab7-0H 

^m?^mmtLx^^^i:mi^-D\,^x!^ri^mmi^m.mi-?>o j^^j. rr-ef* 
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2-amino-7-bronioheptanoic acid TAbYj 2-ainino-7-acetyltioheptanoic 
acid^ rAm7(Ac)j 2-aiBino-7-mercaptoheptanioc acid ^ rAm7j svl 
fide of 2-amino-7-inercaptoheptanioc acid ^ rAm7(-)j 2-amino-8. 9-diiii 
ercapto(S''-2'-nitro-N,N' -dimethyl benzamide) ^ rAm7(Ell)j 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid ^ rAni7(SMBt)j ts 2-amino-8. 9-di 
mercapto(S'-2'-pyridyl) nonanoic acid ^ rAm7(S2Py)j 2-ainino-8. 9-diin 
ercapto(S'-4'-pyridyl) nonanoic acid ^ rAin7(S4Py)j 2-amino-8, 9-diine 
rcaptodecanoic acid ^ rAni7(SMe)j tm-t^ ^ft^ -B-fife-fb-g^-e^) -5 Sulfur- 
containing cyclic peptides TSCOPJ tl&LT^i", 
MMm 1 . Boc-L-Ab7-0H (D^^ 

H-L-Ab7-0H (7.3 g, 32.4 nmiol) ^tK : = 1 : 1^ (30 ml. v 

/v) \Z^m\^. 7lC?&T(Boc)2 0 (7.68g, 35.6nmol) RX^h V :3^f-/l^T ^ y (6 
.72 ml, 48.6mmol) ^M^S^mmWVfCo RjtM^^^^. :i:-X/WT'gfcV^ 

^5^/Vtrll*U mBT^m^m^ommit^^ (10.4 g, 32.4 mmol, JR^ 
10054) ^#fCo 

MMM 2 . Boc-L-Ab7-NHMe (D^^ 

Boc-L-Ab7-0H (326 mg, 1.0 mmol), iS^^y ^yP-T 5 >'(81 mg, 1.2 mmol) 
, HOBt • HjO (184 mg, 1. 2 mmol) <D DMF (3 ml) ^m^yki^TX h ]) ^^/]^T 
^> (0.17 ml, 1.2 mmol) RUUCC (247 mg, 1.2 mmol) SrX/R^feo 15 

^^yyy^yz^^y^^^i^i^xi-^y^yz^^- (3.6 x 15 cm, ^no^a^/vA) 
-e^SMU ^--r/^ / ^^ftcn-T^/l^ (1:10) ^iP^T@>fbU &^^*e?i^lB 
fb-a-tJ (250 mg, 0. 74 mmol, 74%) ^#fc. TLC: Rf = 0. 58 (CHCI3 / MeO 

H = 9 / 1) 
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MMM3. Boc-L-Am7(Ac)-NHMe <D^^ 

Boc-Ab7-NHMe (125 mg, 0. 37 mmol) (O DMF (2 ml) ^^1^^* V ^ 

A (64 mg, 0.56 mmol) $r^JPx.T 3 ^r^^Jt£:^-^fc„ DMF^W5feU l^^^i^/W 

X i^m. ^-x>'i' / (1:10) i:Mx.xmi\^U S^I&^^^IB'fb 

(120mg, 0. 36 mmol, t^m 97%) TLC: Rf = 0. 57 (CHCI3 / MeOH = 

9 / 1) 

4 . Boc-L-Am7 (-) -NHMe SS dimer (D^^ 
Boc-Am7(Ac)-NHMe (60 mg, 0.18 mmol) <^DMF (0.5 ml) ^ / — 

T:/^=T (20 eq.) »x.> 24^F^^#LfCo SJ^S^^^it^^x ^^LfcSS 
dimeT^77iyi^z>,i^]):^^^^^nTh^7y^- (1.5X30 cm, l^p^^y — 
/V / ^uo^/VA) -e^i^b. e-fe^T^cD^IB-fb-^ (43 mg, 0.11 mmol, flX 
¥ 61%) ^WCo HPLC^^^Kn 8.5 min, HRMS (FAB. dithiodiethanol) , 579 
.3293 [M+H], CagHsiOeN^Sj (579.3250). 

5 . Boc-L-Am7 (S4Py) -NHMe <0^^ 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) (DDW (0.5 ml) 4, 4' -^5^:^- 

(79 mg. 0.36 mmol) RXJ^^ ^ y —/l^Ty^^^T (20 eq.) 

yy^- (1.5X30 cm, ^noxfc/VA) "CMMU Mmt^ 
(43 mg, 0. 11 mmol, IR^ 61%) tr#fCo HPLC ^^^^^ 5. 6 min, HRMS (FA 
B, dithiodiethanol), 400. 1766 [M+H], C18H29O3N3S2 (400. 1729) . 
^M^\ 6 . Boc-L-Ab7-0Bzl (O^^ 
Boc-L-Ab7-0H (4.05 g, 12.5 mmol) iSrDCM (20 ml) {^^^L^ ^'^f^Vi^ 
/V (1.55 ml, 15.0 mmol), 4-i?;>< ^/V-T ^ 7 If U v^^ (153 mg, 1.2 
5 mmol) (3.09 g, 15.0 mmol) ^M^S^mW.W^"ifo1to Kl^L^ 
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=^^y))tS^)\^^Xi-^y^yy A— (5X20 cm, 20% f^^oif^/V / ^^^\/) 
^ML, ^^<Om%\^%^a (4.29 g, 10.4 mmol, 83%) TLC: Rf = 

0.49 m%.^^J\^ / ^^^V =1/4) 
HM^J 7 . Boc-L-Ile- L-Pro-OBzl O-g-J^ 

Boc-L-Pro-OH (1.08 g, 5.0 mmol) h^l^i^JV^xi^ K (0.893 ml, 75 mmol) 
a:^DMF (10 ml) *?&TT- h!) 3:9='/vr ^ (10.5 ml. 75 mmol) #$ET 
XBU^.^^X. ^Cfc:Boc-L-Pro-OBzl^?ft:|^J^i:L-C#fCo ::ttl:?lc?&T2 N 
HCl / ^Jlt^-^l^ (5 eq.) -eS^^Sl&^^T. H-L-Pro-OBzl • HCl ^W^o 

Boc-L-Ile-OH • 1/2 EjO (1. 39 g, 6.0 mmol), H-D-Pro-GBzl • HCl (956 mg, 4 
.0 mmol) JtU^HOBt • HjO (613 mg, 4.0 mmol) ©MP (10 ml) ^^fJ:7lC?&T"C 
DCC (1.24 g, 6.0 mmol) RUV)) :^'^7^^T (0.70 ml, 4. 0 mmol) t:Mx.ftL 

s W^k'^^y9y''y^''y))•^^f^^^xl'7V^^y>(-- (4x30 cm, i?Spt^/— 

/ ^nn^s^VM.) fft^j^O^ia-fb-a-^ (1.63 g, 3.38 mmol, W 85% 

) ^#fCo TLC: Rf = (CHCI3 / MeOH = 9/1) 

8 . Boc-D-Tyr (Me) -L-Ile-L-Pro-OBzl (O^^ 
Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) ^ TFA (5 ml) (C^|?L. 
yZfi^mm\^fc, ^J^r^TPA^g^L. ^jEr^U. H-l-He-L-Pro-O 
Bzl-TFA ^#fiio rjl,^DMF (8 ml) iJl^fil^-fr, Boc-D-Tyr (Me) -OH (1.50 g, 
5.07 mmol) ^M^. J^V^TtKJ^THBTU (1.92 g, 5.07 mmol), HOBt • H^O (51 
8 mg, 3. 38 mmol) ^t)^ h JJ ^^/VT 5 >- (2. 37 ml, 16.9 mmol) ^JP;t, 3^^ 

7;*— AlfcfeJ^Sr77y V3.v^JJ;{;'5^/l':J' (4X30 cm, 1%^ ^ y 
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^/V / ^np;f;/UA) T-^i^L. y :i—J>^^(DmB^t'^!\^ (1.44 g, 2.42 mol 
, l^m 72%) ^#fCo TLC: Rf = (CHCI3 / MeOH = 9/1) 
MMm 9 . Boc-D-Tyr (Me) -L-I le-L-Pro-L-Ab7-0Bzl (D^^ 
Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (1. 44 g, 2.42 mmol) $rp<^y— /V (12 ml 

) \mmu 5% Pd-c (150 mg) ^^ymmMyn^n^fc, 5i^i^#. ?d-cmm 

^mmU SJE&?^^S*^s Boc-D-TyT(Me)-L-Ile-L-Pro-OH-TFA^#fco 

Boc-L-Ab7-0Bzl (1.29 g, 3.12 mmol) ^ TFA (10 ml) IC^^L. tK^&T 30 
^mnni^tc. S;£;)^T^TFAS:^*U ^JETI^^tt. H-L-Ab7-0H • TFA ^# 
tCo ;itl^DMF (16 ml) K^M-^t. Boc-D-Tyr (Me) -L-I le-L-Pro-OH (1.21 g, 
2.40 mmol) tr;!)OX.> i^V^TtIC^&THBTU (1. 18 g, 3. 12 mmol), HOBt • H^O (368 
mg, 2.40 mmol) RUVV^'^J'l^T^Xl.Ual, 9. 6 mmol) SrJP^s ZWf^W. 

y ^j^^^mRxj^mi±myi^-^mim^i^tio Mgso^x-^jis^. mm. ^^-a 

Vt^^y7^->=^-yV^^/l^^i^-^hi!^9'7>C'- (4X30 cm, 2%^^/—jW^ 
an;^7VA) T'^MU. y ^—J^^(Dmmit^l^ (1.20 g. 1.47 mmol, IR^ 61 
%) ^#fCo TLC: Rf = (CHCI3 / MeOH = 9. / 1) 

1 0 . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-OH • TFA (D^^ 
Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1. 47 mmol) /V- 

(7.5 ml) \mmu ?d-cmm dso mg) mmTt^notco ^mm^^. pa- 

CiifeiE?Sr«5Sbv SJCSJK^H^^x Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H^#:fe 

„ rtUtr TFA (5 ml) iC^mU tKJ^T 30 ^^f^imLfCo KitM^m^^. ^ 
/ ^m^-T^i^ (1:10) Mx-Tgl-fbL. ^JET^jli^l^i^E'fb'a'J^ (7 
70 mg, 1. 02 mmol, W 69%) ^#:fc„ 

HIS^J 11. Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) (D^^ 

H-D-Tyx(Me)-L-Ile-L-Pro-L-Ab7-0H« TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) RXJ^ DIEA (0.71 ml) ilr5^#JLT 30 DMF (1000 ml) 
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Lit, mm^^^^^m*vx^^rcm^m^y9yi^^->v:»>y/\^^ ^-^h^^ 

(4X30 cm, 2%^i5'/— /U/i^no>j^/^A) -T?M^U P';*— Ai^ct/ 130 
mg (21%) ^#fCo HPLC ^^^Npf^, 8.20min., FAB-MS (dithiodiethanol), 593 
[M+H], (593.2). 

^JSM 1 2 . Cyclo (-L-Am? (Ac)-D-Tyr (Me) -L-Ile-L-Pro-) (D^^ 

cyclo(-L-Ab7-I>-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0.042 mmol) © DMF (0.5 m 
1) 'mL\^f"^W-^^)'^^ (9.59 mg, 0.084 mmol) ^M^X 3 i^^^lS;^* 

fCo DMF ^M*L. aS^S^^^^/^J-^O 10% 4% NaHCOj:^: 

lHHSiLT 19 mg (76%) (Ommi-^Wt^ HPLC W^'m^. 8.20 min., FAB-MS 

(dithiodiethanol), 589 [M+H], (589.3). 

^Jg^Jl 3. Cyclo (-L-Am7(-)-D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 
96)(D'a-fife 

cyclo(-L-Am7(Ac)-D-TyT(Me)-L-Ile-L-Pro-) (19 mg, 0. 0322 mmol) ^ 
fcDMF (2 ml) ^{C^d^U 7« tJ' ^ -/V14T:/^-T (10 eq.) ^^im^^X 
T-fe^/V^Sr^*L;fco DMF (2 ml) (;:^d^L> 1 M I, {p:.^ 

) 0.04 ml ^;!jP^T^-fb^fTofCo ^^Lft SS dimer ^ Sephadex LH-20 (DMF 
) 1^7 J>sXm%\^1t. 7K^iP^T6'fe*&7^i:LT#fco UK* 7.4mg (42%) „ HP 
LC^^^Mx 14.1 min., HRHS (FAB, dithiodiethanol), 1091.5648 [M+H], Cg 
gHgaOioNgSa (1091.5674). 

HJI^J 1 4 . Boc-L-Ile-DL-Pip-OBzl (D-^^ 

Boc-DL-Pip-OH (2.29 g, 10 mmol) h^X/''^)V':rxi% K (1.79 ml, 15 mmol) 
t^DMF (20 ml) cf h y ^^/VT 5 (2.1 ml, 15 mmol) #:&TTSJS$-^ 
^CfcBoc-DL-Pip-OBzl^?ft^igbt UT#fCo ;m^2NHCl / ^yis^^f 
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:/(5 eq.) -eS^^SJS^^-^T. H- DL-Pip -OBzl • HCl <|r#/Co 

Boc-L-Ile-OH ' 1/2 H2O (2.47 g, 10.7 mmol). H-D-Pro-OBzl • HCl (2.28 g, 
8.9 mmol) RXJ^WBt-H^O (1.36 mg, 8.9 mmol) 0>DW (20 ml) ^^IJItKJ^T 
•C DCC (2. 20 g, 10. 7 mmol) RX^ V V ^^^^T ^ (1. 25 ml, 8. 9 mmol) 

^S^t^^^^7 7 5/v'aLixy;?7y7^^^-eh^5^7:7^— (4X30 cm, Vk:^9 J 
/ ^pa^dx/VA) -effii^L. ia*^©^fB diastereomer (3.33 g, 7 

. 70 mmol, JtZ^ 87%) Sr#fCo TLC: Rf = (CHCI3 / MeOH = 9/1) 
1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (D^^ 
Boc-L-Ile-DL-Pip-OBzl (3.33 g, 7.70 mmol) ^ TFA (10 ml) ^ 
?^T30^^imbfeo Sj;&i!^7#TFA«^S*L^ igcJET^MU H-L-Ile-DL-Pi 
p-OBzl-TFA ^#fco ^itb^DllF (16 ml) {il^^^it. Boc-D-Tyr (Me) -OH (3.4 
1 g, 11.6 mmol) Sr;!JO;t. 3^V^T^?^THBTU (4.38 g. 11.6 mmol). HOBt • H^O 
(1.18 g, 7.70 mmol) RXJ^Y ]) :3:-'^JVT ml, 50.1 mmol) X.. 3^ 

, y^^j>.imi^yyy'!y^''y)>tf^j'^^'^'^h^9y^— (4 x 30 cm, i%p<^ 

J^)V / ^ uxii}^?VJ>) TrISSlL. A)|^©^|Hdiastereomer f^-g-ife (3 

.46 g, 5.67 mmol, JR^ 74%) Sr#fCo TLC: Rf = (CHCI3 / MeOH = 9/1) 
HJS^J 1 6 . Boc-D-Tyr (Me)-L-Ile-DL-Pip-L-Ab7-0Bzl O-g-J^fe 

Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3.46 g, 7.37 mmol) (30 m 

1) tC^^L. 5% Pd-C (230 mg) ^^T^M^tTC^troyto 8 Pd-C^i£ 
^iliiU. UJ^^Wtm^mt.. Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH*#yfco 

Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) ^ TFA (5 ml) \ZM^\^. 7lC?=&T30 5> 
mM\-1i.. SJSJ^T^TFA^S^L. l^ffTl^U H-L-Ab7-0Bzl • TFA 
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tCo rtb^^DMF (16 ml) t^^^^it, Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH (2.80 g 
, 5.39 mmol) ^M:t. ^^V^TJ^|Ci^THBTU (2.66 g. T.Olmmol), HOBt • H^O (82 
5 mg, 5.39 mmol) StJ^ hi; oi^/VT ^ (3. 02 ml, 21.6 mmol) ^^P^, 3^1^ 

yyi-^J^i^i^^y'7v''y=>.''y)):f3^j'Virxi^Vifyy^'- (4x30 cm, 

/ i^nn^J^/l^A) -eS^Mb. y^—J>^i^(DW^ diastereomer (4.0 
7 g, 4. 91 mmol, iR^ 91%) ^%1iio TLC: Rf = (CHCl, / MeOH = 9/1) 
1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H ♦ TFA <D^^ 
Boc-D-Tyr (Me) -L-Ile-L-Pro-DL-Pip-OBzl (4. 07 g, 4. 91 mmol) ^ ?^ J 
(10 ml) Kmm\^^ Vd-Cfm (300 mg) #|ET^fi!l!jl7n^^f ofCo 8 P 
d-CMiE«r«5iL. BLJ^^m^^. Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH «r#yto 
^tl^ TFA (10 mL) {ei^^L. TfcJ^T 30 bfCo ^- 

X/V / ^^ftji-T^/V (1:10) X.XH>fbL. ^JBETI&l^^l^OT diastereom 
er m^f^ (2. 60 g, 3. 51 mmol, IR^ 72%) Sr#:/fco 

HMM 1 8 . Cyclo (-L-Ab7-D-Tyx (Me) -L-Ile-L-Pip-) io^X^ Cyclo (-L-Ab7- 
D- Tyr(Me)-L-Ile-D-Pip-)©'a-J^ 

^^^xh^^T'^K H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2.0 mmo 
1), HATU (1.14 g, 3.0 mmol) DIEA (1.0 ml) ^l:5^fiJbT 30 t^-fet- DM 

F (1000 ml) 12:APX.T. Sfk^jS^^ff ofCo 2^^^. ^tS^^^i^^. 1^^^ 

7K-e)ii«?^Lyho Mgso^-e^j^m^ y:t-J>^'ikm^yyyiy^i^V^^ ' 

jV^xi-^y^yy >(— (4X30 cm, 2%:^^J—JV/ ^aoJl^;^i^) "C^tMU C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) ^372 mg (61%, HPLC-^if^Rg^ 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7(-)-D-T 
yr(Me)-L-Ile-D-Pip-)^238 mg (39%, HPLC 10.5 min., FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), ^—J^'^t LXWCo 

MMM 1 9 . Cyclo (-L-Am7 (Ac) -D-Tyx (Me) -L-Ile-L-Pip-) <D^^ 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 mmol) O DMF (1 ml) 
m^Ki^ytmM^}) (69 mg, 0.315 mmol) tr^BX-T 3 ^f^^/S^-frfCo 

MLT 109 mg (86%) (Om^^^^WCo HPLC -f^^^F^, 8.94 min., FAB-MS (di 
thiodiethanol), 603 [M+H], (603.3). 

MMm2 0. Cyclo (-L-Am7(-)-D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 
98)0-^-^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pip-) (114 mg, 0. 198 mmol) (O 

(0.5 ml) m^\Z;^^J-';V^T>^::^T (10 eq.) Srf^ffl^-^TT-fe^ 
/I^S^^^bfCo DMF (2 ml) K^MU 1 M (a:^y-^l.) 0.25 

ml ^M^Xmt^ffo±o ^V1t SS dimeri^ Sephadex LH-20 (DMF) :fJ9 
J^XmnVtCo :>i^^1XiX.X^'&nmtVXmtio 82 mg (78%) « HPLC 

^r^, 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C^^nOi^s 
Sg (1063.5361). 

MMm 2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) (D^^ 

cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pip-) (240 mg, 0.40 mmol) (D DMF (0.5 m 
1) Wm\^'f':tmnk:^V ^J>^ (69 mg, 0.60 mmol) ^Mx.X Z^m^-^tfc„ 

'4ktmm\^^^vit^:t:^:^'^/\^^mmmmi^x 160 mg (66%) (om^m^^-k. 

o HPLC ^^^ra^ 10.5 min., FAB-MS (dithiodiethanol), 603 [IB-H], (603.3) 
MMM2 2. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) (D^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pip-) (160 mg, 0.27 mmol) (Z> DMF (1 

0 ml) ^{c^^y-/H4Ty^=r (10 eq.) ^^m^txr±'^/i^m^^^ 

LfCo ^m^^Wi DMF (2 ml) (C^d^L, 1 M 0.31 ml ^M:t 

T^^fb^^TofCo ^^Vtc SS dimer^ Sephadex LH-20 (DMF) y J>.1J1^M\^ 
tCo 7k^Mx.Xj^^n^thXmCo 54 mg (Ze%)o HPLC 13.4 
min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], CsgHsTOioNgSj (1119. 59 
86). 

MMM 2 3 . Boc-L-Ile-D-Pro-OBzl (D^^ 

Boc-D-Pro-OH (17.2 g, 80 mmol) t^>i^/^Zfn^ K (14.3 ml, 120 mmol) 
i: ^ DMF (160 ml) tIcJ^TT? b V J^^/U-T ^ (16. 8 ml. 120 mmol) 
■e^$^> Boc-D-Pro-OBzl ^mi^^t VX^It^ rttSr 2 N HCl / i^;^-'api^ 
y (5 eq.) l?3^raS;S$*T. H-D-Pro-OBzl • HCl ^#/Co 

Boc-L-Ile-OH • 1/2 HjO (24.0 g, 100 mmol), H-D-Pro-OBzl • HCl (19.3 g, 8 
0 mmol) RXJ^WBt'^O (15.3 g, 100 mmol) ©DMF (200 ml) ^{;:7K?&T-e 
DCC (8.3 g, 30 mmol) RX^h V ^i^/^T ^ (3.5 ml, 25 mmol) ^M^fc. 8 

^mmw^^. Dw^^^u mm^^i'Mmmi^. 10%^ 3^:^^^, 4%^^ 

. mW^^yyv-yzj.i^'^)^^f^^^^-^V^yy^^ (4x30 cm, 

1 ^uxii^jVK) -ei^ML. m^(Ommc^^ (21.5 g. 51 mmol, W 72%) 
Sr#fc:o TLC: Rf = (CHCI3 / MeOH = 9/1) 

%WSi 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-OBzl fO-g^^ 

Boc-L-Ile-D-Pro-OBzl (21.5 g, 51.4 mmol) <Sr TFA (50 ml) t^j^L^ 
Tl^MJJcgLfCo ^i^T=^TFASrW5feU i^ffiT|£i!iU. H-L-Ile-D-Pro-OB 
zl-TFA ^#fCo rtV^DMF (100 ml) (J:^^^^^ Boc-D-Tyr (Me) -OH (16.7 g 
. 56.5 mmol) ^Mtl^ MV^TtIcJ^T HBTU (29.4 g, 77 mmol), HOBt • HjO (7.8 



wo 03/070754 



PCT/JP03/01859 



- 3 3 - 

7 g, 51 mmol) l^U h V ^^^^T ^ > (25.2 ml. 180 Dimol) ^M^. SWf^M 

is—h.Wa^yyy^y^^y^)ti^f^^'^'^\^^yyA-' (4 x 30 cm, i%7^i5^y — 

/V / ^Od/h/VA) -eS^^l^s yi!r—i^'ik<r>W^W.KC'^^ (22.0 §, 37 mmol, 
^ 72%) ^Sr#;fc„ TLC: Rf = (CHCl, / MeOH = 9/1) 
HJS^J 2 5 . Boc-L-Ab6-0Tmse O-g"^ 
Boc-L-Ab6-0H (620 mg, 2. 0 mmol) t h ^ f^^9 J '-/^(0. 572 ml, 

4.0 mmol) t^DOl (6 ml) cf^ 4-i;?7^ ^/VT 5 / f y i^i^ (24.4 mg, 0.2 mm 
ol) #^T6^re^#Lfeo g^^::i^^/Hc^^L. lO^iJ'^^' 

m*^. 4%^si7Ki^-^-hy e'-i^7K^s^2stt;5|asl:ft^^•c)l«^^5fe^bfco Mgso^ 

«*S> ?6i(^«fe%79y-y3.>'y;*'5^;^iJ'P'^h^7:7^- (4X30 cm 

, 10% W^^f-f^ / ^^-^y) -ei^ML. m^omWt-^^ (820 mg, 1.62 m 
mol. W 81%) Sr#feo TLC: Rf = 0.97 (CHCl, / MeOH = 9/1) 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (D^^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.01 g, 1. 70 mmol) (20 ml 

) 5% Pd-C (150 mg) #^T^M5l7cSr^ofco 8 ^F^^. Pd-Cg4^SE 

^^^tiiL. Boc-D-Tyr(Me)-L-Ile-D-Pro-OH^#fCo 

Boc-L-Ab6-0Tmse (1.51 g, 3.0 mmol) ^ TFA (5 ml) {C^^t. m^TZO^ 
^^ScSbfCo ^JS?J^T^S^^^^©*L. icJET^i^U. H-L-Am6-0Tmse ♦ TFA 
^#fc:o rtt^DMF (3.5 ml) IC^^^-^. 7|C?&Tt? 4 ^i!lU/i: Boc-D-Tyr(Me)- 
L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) l^XfY])^ 
'i-j\^r%^y (0.24 ml, 1.7 mmol) ^^;t)PX.. 3l^Km#^bfc„ mM^^Wk. 
l^^ai^/HC^^U 10%:^':Ei^gfe7K^^^ 4%^^7K^-:J-hy !>A7K^S.tJ«l& 

(4X30 cm, 1%7«^/— /l^ / ^dp/^/WA) 
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T*MMU. mmit^m (SSS mg, 1.09 mnol, 64%) ^#fco TLC: Rf = (CH 

CI3 / MeOH =9/1) 

MMM 2 7 . Boc-L-Ab7-I>-Tyr (Me) -L-Ile-D-Pro-OBzl <D^^ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1. 19 g, 2.0mmol) ^ TFA (5 ml) 

(Me)-L-Ile-D-Pro-OBzl 'TFA S:#fCo itb^DMF (4.0 ml) Boc- 
L-Ab7-0H (652 mg, 2.0 mmol) ^M^^ i^V^T7^<}^T HBTU (1.14 g, 3.0 mmol) 
, HOBt • H2O (306 mg, 2. 0 nmiol) RXf^ h V ^^/VT $ (1. 4 ml, 10 mmol) iSr 

mm. n^m7m-thv ^j>^7KmmAumm^m7Kxm'A^^vfc. ngso^x-^ 

yis-'J^^m^'7yy^ya.^y^)lJ^)V^U'-rY^yy^^ (4X30 
cm, 2%^^$^/-/^/ i^nxHHsiVK) -eHjilU 7;*-- AJt^Oi^E^b-g^ (1.51 
g, 1.89 mmol. 94%) ^#fCo HPLC 9.15 min. 

%1§&M2.%. Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (O'^^ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2.0 mmol) ^ TFA (5 ml) \zM^ 
7tC?^T30i)-F^J$:gbfCo S;&^T^TFA^©*U. ^^JET^^U H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl -TFA^^fCo ClttSrDMF (4.0 ml) Boc-L- 
Ab8-0H (676 mg, 2.0 mmol) ^Mtl^ i^V^T?!lC?&T HBTU (1.14 g, 3.0 mmol), 
HOBt • H2O (306 mg, 2. 0 mmol) "BCO^ h y ^^/l^T ^ ^ (1.4 ml, 10 mmol) 

^> y:i—J>>'^m^yyy''y=^iyV:fy^j\^i!7n-^hi^yy^— (4x30 cm 
. 2%;^^/-7V / ^Pn;iN/VA) xmMU :^:i—J^^(DmW.it^m (1.44 g, 
1. 76 mmol, I|X^ 88%) Sr#;/fco HPLC #it^W> 10. 9 min. 
MMM 2 9 . Boc-L-Ab9-D-Tyr (Me) -L'll e-D-Pro-QBz 1 0)^^ 
Boc-D-Tyr(Me)-L-ne-I>-Pro-OBzl (1. 19 g, 2.0 mmol) ^ TFA (5 ml) l::^^ 
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(Me)-L-Ile-D-Pro-OBzl • TFA ^%ito rtt^DMF (4.0 ml) izMM'^'^s Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) ^Mx.. ^V^T7lc}^T HBTU (1.14 g, 3.0 nrniol) 
, HOBt • EjO (306 mg, 2. 0 nmol) RXf h V 4 ml, 10 mmol) ^ 

yit—J^^m^y'7yl^='--y^)^¥)^^'^'^y^yy-{— (4X30 
cm. aX^^'Z-zW/ iJ'PPjJ^/VA) T'il^i^L. yir-J>>^<oUWc^ (1.31 
g, 1.58 mmol, JR* 79%) ^#fCo HPLC 11.7min. 
HJS^J 3 0 . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0H • TFA (O^^ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) ^:^^J^JV 
(10 ml) {C^^U 7k?^TT'3:9'fJLyt 1 N NaOHTK^^ (1.32 ml, 1.33 mmol 

^'Scam^^Wf^-^mWt^'^f^o MgSO^-efgjit^^. ^gfiU. Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H §r#fc„ itt^ TFA (5 ml) (^^^b. 7lC?&T 30 ^K^fc® 
L:feo ^jET^iib. (778 mg, 1.07 mmol, 

^Jfe^J 3 1 . H-L-Ab7-D-Tyr (Me)-L-Ile-D-Pro-OH • TFA (O^"^ 
Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.51 g, 1.89 mmol) 
(5 ml) 5% Pd-C (150 mg) #^ETg^i§7ctrfTofCo 5^r^^, Pd- 

CftfeS^^iiaiL. mtM^^"^^. Boc-L-Ab7-I>-Tyr(Me)-L-Ile-D-Pro-0H^#fc 

„ TFA (5 ml) ^?&T3oi>^^{csu;fco mM^^^^. m 

BT^U m^(Om^it^l\^ (1.15 mg, 1.84 mmol, IR^ 97?6) ^%1to 
MMM 3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA (D^^ 
Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.44g, 1. 76 mmol) 
(5 ml) \mmU 5% Pd-C (150 mg) #^ETS?«4^7n^fTofc:„ 5 1^^^. Pd-C 
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MBi:WT&L. KftM^W^^s Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H ^#7h 

o ^fi^ TFA (5 ml) \z.mmu yk^Tso^mnuLtco sj5&m^®*=^. m 

BT^mU fb^Om^^t^m a.lSmg. 1.84nBnol. IR^ 97%) tr#feo 
MMM 3 3 . H-L-Ab9-D-TyT (Me) -L-Ile-D-Pro-OH • TFA (D^^ 
Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0B2l (1. 31 g, 1.58 mmol) 
(2 ml) \zmmU 5% Pd-C (150 mg) #^TS«tJl7C^fi= ofe, 12 1^^^^ Pd- 
CMB^My^h. RltM^^^^. Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H^#fc 
„ TFA (5 ml) immU TKJ^TSO^raimbfCo RJtM^W^^, 3: 

-x/w / ^m:^-y'/^ (i:io) ^M^xmitu mEtm^Kumit^ o 

05 mg. 1. 42 mmol, W 90%) ^#/Co 

^MM 3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) <0^f^ 

H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H»TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) RU DIEA (0.75 ml) ^5^mLX 30 DMF (110 ml) 

M^x^ ^-fbsjt&^^Tofco 2mm^mm^m^hxmst^^^:^^Mz.j^y) . 
m ^:^i^m. 4Sk NaHco,, ^ i:'a^m^xm\'\ Mgso4 xmm\^it. Rmm^ 

j/i^3.vy :«;y/v^a-r h:J^7:7^— (4X30 cm, 1%^^ /—/v / ^xiu^/v 

^) xmm\.s n^mm!} ue mg (23%) ^m^o hplc 4^^^p^, g.oe min., 

HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C„YL^Q^^^x (579.2182). 

t.-it. :L(Dm Ab6 (Ommm^ Sr (Jlg^LT^L:^ HOAt adduct ^^tf^ 
Jt^^hy^T'^K. cyclo (-L-A(0At)6-D-Tyr (Me) -L-Ile-D-Pro-) 167 mg (27%) 

UT#fCo HPLC ^^^F^, 8. 16 min., HRMS (FAB, dithiodiethan 
ol), 635.3312 [M+H], C32H430eN8 (635. 3306) . 
^«»J 3 5 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H-TFA (1.15 g, 1.84 mmol), HATU (1.05 
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g, 2.76 mmol) DIEA (1.28 ml) ^d^^VX SO^UK DMF (180 ml) \Z. 

M^x. "^kitm^^n^iit, ±kmm\^^mvx 700 mg (64%) o^^j— 

fCo HPLC i^if^r^. 9,90 min., HRMS (FAB, dithiodiethanol) , 593.2300 [M+H 
]. CjgH^jOsN/^r (593.2339). 

HJfe^iJ 3 6 . Cyclo (-L-Ab8-D-Tyr (Me) -L-IleH>-Pro-) (D^^ 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (512 mg, 0.80 mmol), HATU (455 m 
g, 1.20 mmol) RXJ^ DIEA (0.56 ml) ^ 5 LT 3 0 DMF (80 ml) \Z. 

y^— (4X30 cm, l%p«^y— /V / ^nxi-^;VJ>.) "Ci^MU 267 mg (55%) <0 
7;*— i^^^fCo HPLC iiprit^r^, 9.95 min., HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], Cas^OjN/'^r (607.2495). 

^^m3 7. Cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) ©-g"^ - - 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H» TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) RV- DIEA (0.64 ml) ^5 5^fijUT 30 DMF (150 ml) \C 

(4X30 cm, 1%7<^/— / ^nxi-^/VJ^) l?3fSiiU 533 mg (61%) <D 
y:i--J>^^WCo HPLC ^3^^^. 10. 9 min. , HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], CsoH^OgN^^Br (621.2652). 
HJI^BJ 3 8. Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) 

cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (146 mg, 0. 252 mmol) ©DMF (0.5 
ml) m^\:ii^^mm:^V (57.6mg, 0.504 mmol) ^M^X 3^F^^$-1ir 
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y^T'/i^^^mm^hx 114 mg (79%) (om^m^mco hplc ii^^^p^, 9.06 m 

n., HRMS (FAB, dithiodiethanol), 575.2879 [MfH], C^M4^ (575.2903). 
MMM 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (133 mg, 0.226inmol) © DMF (0. 5 
ml) m&K ^:tm^^V^J>^ (52 mg, 0.452 mmol) »;tT 3 f^l^SjS;^^ 

T118 mg (89%) (Dm'^^^ntZo HPLC 9.90 min., HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C30H45O6N4S (589.3060). 
^MM 4 0. Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 
cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) (D DMF (1 ml 

) 'f-:tmm:^V (100 mg, 0.878 mmol) ^M:^X 3 ^WS^&$itfc 

222 mg (84%) (^?ffi^i^^#fCo HPLC ^^^r^, 9.95 min., HRMS (FAB. dithio 

diethanol), 603.3244 [M+H], C^AjOA^ (603.3216). 

^JS^J4 1. Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (O^^ 

cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0.402 mmol) ©DMF (0.5 
ml) V ^ J>> (91.4 mg, 0. 804 mmol) ^iqx.T 3 ^f^SJ^;^-fr 

x}m.m¥i>-Ltc. Mgso^T^j^, mmu ±^L±'f':t::^:^Tji^^mmmm\^ 

X 190 mg (77%) (Df^^^^mco HPLC ilj^^^f^, 10. 9 min. , HRMS (FAB, dit 
hiodiethanol), 617.3364 [M+H], CjaHwOeN^S (617.3373). 

^MM4 2. Cyclo (-L-Am6(-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
2) <0^^ 
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cyclo(-L-Aiii6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <0:^^J 
-71- (0.5 ml) W^\Z.:^9 J-f^rv=^^T (10 eq.) ^^m^^XT-^^fV 
S^^*Lfc„ ^mm^^ DMF (2 ml) fC^d^u. 1 M {p^^ /^,v) 0.2 ml 

^^DxiT^'fb^^TofCo ^^\^f^ SS dimer^ Sephadex LH-20 (DMF) ^yJ^ 
•^i^MLyto 7K%;(JP;tTe-fe3g&5^i:UT#fco 82 mg (78%)o HPLC 

11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], Cs4H„0,oN8S2 
(1063.5361). 

W&M^ 3. Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 
) (O^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-He-D-Pro-) (118 mg, 0. 201 mmol) (0:^^J 
-/V (0. 5 ml) 9 J -iV^T >'^=T^f^ffi ^^TT-fe^/i'SSr^* L 

. 1 M I2 {zxu^ /-)V) ^n7LX^^:^)vy ^ Ky/v-SSTm-ftL. i»MLT SS 
dimmer ^^^^h LT#fc„ 98 mg (89^4) » HPLC ^^t^^. 12.3 min., 
HRMS (FAB, dithiodiethanol), 1091.5684 [M+H], CggHssOiASa (1091.5674). 
IIJii^3|4 4. Cyclo (-L-Am8(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
6) (D^WL 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0.368 mmol) (0:^^J 
(0.5 ml) J-}V*^r\y^^r^'(^m%^XT-^^)V^^W^\. 

. 1 M I2 (:x^y~-/v) ^Mx.xmi^^^vy ^ VV ^^M^MitU ffiMLTSS 
dimer ^^^^MtLXWco 167 mg (81%) „ HPLC UW^m^ 13.0 min., 

HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], CsgHgeOioNgSj (1119. 5987). 
^Ji^!j4 5. Cyclo (-L-Am9(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
8) (D^fi^ 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) (0:^^J 
^JV (0.5 ml) J-fV'^ri^^=-r^'{^m^^XT-^^}Vm-^^^\^ 
. 1 M I2 (jt^/^/l-) ^1^7cr:^7^tvy ^ KU/l'^^^'fbU )|tiSLTSS 
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dimer %:&^BMtLXWCo 84 mg (98?S)o HPLC ^l^^f^W^ 14.2 min. . 
HRMS (FAB, dithiodiethanol). 1147.6307 [M+H], CeoHgjOioNgSj (1147.6300). 
MM^4 6. Cyclo(-L-Am7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP iOA)(D^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0.45 mmol) (O DMF (0 
.5 ml) m^K^^^y-M^riy^^^r do eq.) ^f^ffi$*TT-fe^7VSSr^ 
*U T:/^=rSr|i*^. 2-^yV;*7'h:3ii5^7-/V (10 eq.) ^Mx., 1 M 

0.2 ml ^^JP^T^-fb^fifofCo ife^Lfc SS hybrid Sephade 

X LH-20 (DMF) :fy9J>>xmmu ^^j^<irfTV\ mmit-^m^i^^i[^Mt 

#ft:o 30 mg (11 %)„ HPLC ^^^PhI, 8.9 min., HRMS (FAB, dithiodieth 

anol), 622.2877 [M], C3oH460eN4S2 (622. 2859) . 

^MM4 7. Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401) (D^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) <^DMF (1 
ml) 2, 2' If y v?:/ (31 mg, 0. 14 mmol) RXJ^:^ ^ J — 

=-r (10 eq.) ^Mtl. 8^^^#Lfc„ K^^^mm^. '^Wh^yyvi/:^ 

V^ytJ^^V^xx-^yiTyy (4X30 cm, 1 ^nn^ffc/V^) 
»illU> W^WiYi^^^Wt. JUl* 15 mg (38%) o HPLC 9.6 min., HR 

MS (FAB, dithiodiethanol), 656.2952 [M+H], CsjH^BDgNgSz (656.2940). 
^J|«Sj4 8. Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 402) ©-a-^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) DMF (1 
ml) ^{C4,4'-v?5^;rt''y ^^^^ (75 mg, 0.34 mmol) 'BCO^:^ ^ / —JV^T V 

(20 eq.) ^mtl^ m^w^\^it. mM^wm. mma^yyyv 

z^i^V 7^^X1-7 y if yy (4X30 cm, 1 %:^'^ / ^nxiiS^jVJ^s) 
-OftML. ^IB^b-a-ifeSr^fCo IRS 13 mg (13%) „ HPLC ^I^^^K. 6.5 min., H 
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RMS (FAB, dithiodiethanol), 656.2934 [M+H], C33H45O5N5S2 (656.2940). 
^S&M4 9. Cyclo(-L-Ain7(SEll)-D-Tyr(Me)-L-Ile-I>-Pro-) (SS hybrid : SC 
OP 403) (D^^ 

5,5'-i:^i^:t}f^{2-=^h^^-^ym (515 mg, 1.4 mmol) DMF (2. 8 mL) 
5ilC?&Ti^^^/VT5y (343 mg, 3.0 nmol), DCC (867 mg, 3.0 mmol) 
RX^WBt'Efi (214 mg, 1.4 mmol)<lrAPXL. smmmWVtZo RJtmj^RJtm 

^mmu ^m^i^Mmmu m^:^:^m>mms 4%mm7km'rhv^j^7i(. 

^Lfco M^nm^. y9yi^^^^V:fJ^/i^^v'^h^y-74- (4x30 cm, 1% 
^^/WT^ K) ^Wt. 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) DMF (2 
ml) mi\Z. 5, 5' tf 7. ( 2 h P ^-^ v^^ f^/V-T ^ K) (198 mg, 0. 

44 mmol) mJ-:^ ^ J -}\^ri^==^=^r (10 eq.) ^JPx:. 6^^^#bfCo K 
l^WL^W^^^ '>^<0'm\Z.Wi^\^. HPLC (column : YMC-Pack ODS-A 10X250 
mm) -eMSSL. mmc-^^^m^. iUt* is mg (9.3%). HPLC ^^it^ffi. 9.5 mi 
n., HRMS (FAB, dithiodiethanol), 771.3201 [M+H], (771.3210). 
Hife^SO. Cyclo(-L-Am7(SMe)-D-Tyr(Me)-L-Ile-l^-Pro-) (SCOP405) <r>^^ 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) (O DMF (1 ml) 
WSi\^ 4-methoxybenzylmercaptan (0.056 ml, 0.4 mmol) ^Sj;!? h P J^^/PT 
5^ (0.07 ml, 0.5 mmol) ^MtlX^ ^m.X 2 '^^WJ^^^fn. ^Ll/hcyc 
lo(-L-Am7(Mb)-D-Tyr(Me)-L-Ile-D-Pro-) ^t^^^^/V-ettW L. 
9 J^)V (18 ml) Dimethyl (methyl thio)sulfonium tetrafluoroborate XQ. 
.9 mmol, 176 mg) 2 ^KSfS^^-^fdo ^^^^^lU jJ^PnJi^/l' 

A|C^^i?L. v'y;«7y/ViJ^i3-^ h^^:7>r— (2X25 cm, 1% :^ ^ J —)Vl ^ xi 
o^/I^A) -ei^MU g6?)lb^#fCo 69 mg (65%) » TLC Rf: 0.90 (CHCI3 
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/ MeOH = 19 / 1), HPLC i^^f^f^, 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, composition: C29H440gN4Sjj, matrix: 2, 2' -ditihidiethanoDo 

mmm 5 1 . HDAcmmm.%m^(Dmi^ 

Sulfur-containing cyclic peptides (SCOP) ©Sit©— 1 ~4 (C^^-o 3^ 
^©HDAC|a^J-efeSig5tC^i-J:pj5JCyl-l, Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98. 87-92.) ^7ul^3^iKx h y^T'f^ Ffllatt^ 

55^(7) Cyl-l, Cyl-2 \t^i^=i :y y 1^3 :^ib^U)LLi^Xh^i!)K LDLD © 

o 

HDAcpi^sM^^^T^t-fcfcD. ik(Dm'onDAcmm^mnvfco lo 

Ommx^ i/VaJ^l X 1 0^^02 9 3 T5NBJ3at:^#. 2 4^ra^lz:t h HDAC 
Is 4^fefi-^t^;:^HDAC6^B^-t-5^^:?— (l /x g) ^ Lipof ectAmine 2000 

reagent (Life Technologies, Inc. Gaithersburg, MD) tr^ffiV'T h 7 :7 a; 
^i^a^VfCa J^ijS, ±lBt h HDACl^^^^^— (ip CDNA3-HD 1 (Ya 
ng, W. M. , Yao, Y. L , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) , t bHD AC 4^^^^ ^5^ — ft p c DNA 3 . 
1 (+) — HD4 (Fischle, W. , Emiliani, S., Hendzel, M. J., Nagase, T., 

Nomura, N. , Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) , •=?!>;^HDAC6^^^i^i5^— (*p cDNA-inHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) ^ 
^V>^o OPT I -MEMEf'-^5^W^^^-Sr]fet)3i*^fc^. Dulbecco's m 
odified Eagle' s medium (DMEM) {^i^Jtt^^^UT 19 mfM4 y^n.^— b 
LfCo jNSJia^lrPBS-Tf^feofc^s lysis buffer (5 0mM Tr i s-HC 1 (p 



wo 03/070754 



PCT/JP03/01859 



- 4 3 - 

H 7. 5) , 12 OmM Na C 1 , 5mM EDTA, 0. 5%Nonide 

t p-4 0) jcs^iiu y='5^-v^3>'Ufc„ ±m^M'MmKi:\)mif>. Pro 

teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) ^ffiV^'T^ 
^Hl^m^^ ^^^^tCo ^(O^. HDACl. HDAC4^^m$-fr:/t« 

±ttJj:tt^ ant i - FLAG M2jfii^ (Sigma-Aldrfdh Inc.) ^M^^ HD 
AC6^^^$-frfc«±ttt-f* a n t i -HA^W^ (clone 3F10, Roche Mole 
cular Biochemicals) »X.T 4'Ct? 1 NpF^SJCS^-erfce :LfHZ.7^0'-:^\^-- 
X;SrJp^T 4 "C-e 1 ^KH^&^^fc^s lysis buffer T?T;«f p if— 3 
|11^5fcV^s HD buffer (2 OmM T r i s -HCl (pH8. 0), 1 5 0 mM 
Na C 1, 1 0%^y ■fee— /l^, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) T?— IHi^o fCo HD buffer (2 0 0ia 1) tf 
FLAG^7°^K (40 Its) (Sigma-Aldrich Inc. ) ^.TcitHA^y^h' (1 
0 0/zg) -e4t:. l^^^>^dra-<-hb-CT;«fa-^lf-X;6^b^-g'Ufc^ 
Vz-^^J^SrHHlXU HDAC^;^;^?^i:U eilT<^ HDAC |ia^fi&ttSy^{CffiV>fc„ 

-/Vi LXHBACmmmMMt UT^6>^^-CV^S h y 3;^^^VA (TSA) 

§rDM S O (c^^ UT. 1 0 mUOmm^^mm bfco Sll^ft^^'fb'^i^^ 

/Wkt;^ h:^«ir^?0[Sr3 7*C-C1 5^m^>^^^-hir^:Ltxnoft. (S 

^S^iMl 0 0 )ti 1 ) o SiS:^ 1 0 ju 1 (DHC 1 ^»LTJkfes ^^S^&-e^»J 

fi. m^='>hr2^M^mir^B.DACm^(O5 0%^m^^i flCBO (nM) J ) 
•vmvtc (^1~4) o 

i/7 w>o<^HDAC|51^^'|4»p2l:7'T3^-^'-^^^'|t<|rll^(-^!fe<^a 
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cc7-if(^jil-a^^^^ (Dr. B. Vogelstaein) ^^^Ji^^f Lfc^j^-^fc 9 . 10 

«FBs ^ma Lfc 7 en y —/V 1/ y K^-g- DMEM ^ffiSrffi v\ 37*c, 5%z:^fb;^^# 

85000 fi/well (OmS^^M'^ 9 6 ^AC-h'-I' iJ' o ^ 1/- h # well ^ 

s 18l^ra^«Ufco *fc. ;ir-ei>TSASrHDACMS#{-®H1- 

Luc Lite (Packard BioScsience Company) SrfflV^^ iBISl^lCl^liLUTV^S/l' 

^irm<Dm&i TECSO (nM) J ) ^^V^■rJt|SLfc (^1~4) „ 
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1C50 (nM) 




P21 "/D^— > 


J'- 




SCOP No. 


HDACl 


HDAC4 


HDAC6 


EC50 (nM) 


mm 


zmm. 


148 


81.4 


17.0 


> 500000 


6720 


CylKLDLL) 


C5 


149 


2.37 


5.22 


44300 


596 


Cyl2(LDLL) 


C5 


150 


2.10 


4.26 


5560 


504 


Cyl2(LDLD) 


C5 


151 


932 


7340 


28500 


> 100000 


CylKLDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyil(LDLD) 


C5 


153 


9.13 


91.0 


8050 


9850 


CylKLDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


CylKLDLD) 


C7 



s =ii/:7;^-^-'>3^^-efcS LDLL i •? t LDLD i U ^gftdSiU < 
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IC50 (nM) 




P21 T'n^— ^ 






SCOP No. 


HDACl 


HDAC4 


HDAC6 


EC50 (nM) 


mm ^ 


296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


CyI2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


CylKLDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


CylKLDLD) 


C7 



LDLL 9 t> LDLD i^(0:^i^mm^'^. SH4S'T?$)5f^:t-;V'S*-C©^^^^ 
X = ^S^-fb-^ (/N'T :/y y K) 
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P21 








IC50 (nM) 






^- 


SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) m'M 


401 


NT 


NT 


NT 


1360 


152 + 2-Pyrldlne 


402 


6.76 


68.3 


1610 


1310 


152 + 4-Pyridine 


403 


21.5 


18.9 


6080 


1800 


152 4- BIman's reajent 


404 


217 


355 


201000 


1360 


1 52 + mercaptoethanol 


405 


119 


405 


191 


3260 


152 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 




402/ DTT 


0.553 


1.12 


2010 


470 




403/DTT 


1.15 


1.53 


4730 


748 




404/ DTT 


2.44 


13.0 


15400 


754 





(NTtt.i^XKLT 



SCOP 1 5 2 i: jSi^^it^m t <D hybrid ^> m^m^^^ir^ ^tH^^^fl 
yi^ (TSA) 







IC50 (nM) 




P21 7"D^— 


TSA 


HDACl 


HDAC4 


HDAC6 


EC50 (nM) 


ISA 


• 

19.2 


68.3 


27.2 


445 



U±(o'^Mi. «5 ^ i^-^h 5 LDLL Wii^h ldld W(o:^ 
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tJft^*V'^7l-'T?ttDTT*#T^:r— /Vf^c (X = H) ©l^^^:iaV^ HDAC Pl^^-i^tg 





^5 








ICSO (nM) 




P21:^P^-^- 


mmM HDAC1 


HDAC4 


HDAC6 


GC50 (nM) 


152 NT 


NT 


NT 


3510 



(NT(i.i^XhLT 



DTT ^^Tl-Jt-^T. EC50 mt^^^ < j'iofCo DTT H^^^-t^ t1^m(0 pH ^5 
^Ji^J 5 2 . M V^;VX(0 HDAC P1§?&'&(^^B!|^ 

i/T?a^-rs;i^lJ:a:«JtfofCo ^^NBlillis t h^t^s^^j!a (HeU) «10%FB 
^^^^_^_^^V^TJ$«<Sr^TofCo rO^JiS^ 15000 ^i/ml (DM^&X 
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ti^t e^Kig^UfCo »^PBST'Sfeofc=^^ lysis buffer (5 0mM T r 
is-HCl (pH7. 5). 12 OmM Na C K 5mM EDTA^ 0. 5 
% Non i d e t P-4 0) (rjH^b. y::^'^-iX3 ^^LfCo ±?f 
k^X^Ml^. SDS buffer a; ^g-a-U lOO^CT? 5 15?4SDS 

AKL5C1 (i?^ /•? ) . 2 : anti-^ ^ 7. (LIFE SCIENCE) T^&S^ EC 

Kamersham Pharmacia biotech)feSL> T'fe^/Wb^'^>' K<Z)i|^ttl^=fTofc (12 

^ 6 tC^-ra«? ^ P21 y^D^-iJ'-fl^Stt^^^^mCECSO) a:-iScLfcPl* 

IIJSM5 3. MW^'rT.y 

SCP0<D«#^4x^ h^t MffiiE^^Jia (TIG-3) , t h^1t;i5A/m (HeLa 
) <lrffi V^r^To fco TIG-3 jNeR HeU IOXFBS ^» Ufc DMEM ^ 

Tig^^^foyto TIG-3 « 30000 fi/well, HeLa 10000 ^/well <^3NBlia^^ 
t?9 6:?i:-r>r^ci7'l^~Mc:S|ieU #well ^:fe 9±E<^^S&100/zl Ef»T18 

I^V^fco ^Z.\Z., 0. 5%Triton-X / PBS ^lOOiuliP^T. IIBil&^^^ll^its 
1^;BIJ©9 6:A:-=?-ri5'n7"W-MC30/zl-fo#Lfc(B)„ rtT.b<^9 6:A:-7-riJ' 
13 >^ V— h A, B <0^ well iz: LDH-Cytotoxic Test (Wako) ©S^^^ 30/x 1 T 

;t-CM'feS;&^lr#Jl: ^itfco OD560 nm (O^^^^-^-^A ^vi-:fU-hV 
SoftDiax)-eS!l^LfCo iSaiLDH^t bT[A/(A+B)] <Sr^*:fco Pl^filtt^. MM 
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LDH * 50 % ^ i t <Dm&^ LD50 k Lfco fj:^. t^/vmskm^mm^ 



^6 





LD50 


(nM) 






HeLa 


TIG-3 




TSA 


41.4 


1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



urn Km ^mmmmm^^^-r ^^^Ltm^^ titc, 
mmm5 4. ^^^owm 

SCOP 152, SCOP 304 ^TJf SCOP A02 (D]km^X*(0^^iSL(DWiSimT<0:^^l!' 
frofCo FCS 99^1 (CSCOP 152 S.T^ SCOP 304 (10 mM). SCOP 402 (10 mM) 

1 PL 1 Mx.x 3 7 X:x4 i^^sL^- h Lfco ::tt^^^::*i \^ i ml ©g^^ji^/v 

km^(D±lsb\^^^fimi(0 NaCl Sr^JP^TttW L/to r.©g^S&3^^;V*a 800 ;z 1 ^ 

JCDMSO-ei 0^#«?Lf^:%©S:^V^Tp21 Zfti^^^^^^^com^^n^tc 
„ >r^^=^^-<-M^^O©^tt^ 100X2: b-C^gftiSritl^Lfc (07) » 
El 7 (^^-fji !9 , iLm^"T? SCOP 304 *5 SCOP 402 \t SCOP 152 i «9 
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\at. t h^'^^SSA/lfflia (HeLa) 10%FBS ^»Lfc DMEMi#^^ffiV^, ST'C. 

^(OmU^t: 15000 m/inl (OMMBBtX 6 5*t7' V- Mj: 2 ml mUV. 18 ^^^H 
Lfc#. ^j^-fb-B-^^^K^ TSA, SC0P152:ioJ;t/SC0P304 fi200 nM, SC0P402 }i 
l/iMJe:;iSJ:5^PU ai#l^#5il:^ra:^«Ufco ^BIS^ PBS -ej5feofc^. 1 
ysis buffer (SOuiM Tris-HCl (pH7. 5) ^ 120niM NaCl, SinM EDTA^ 0. 5% Nonid 

et P-40) y:=^^-i^3>\.fCo ±m^M'b^m\^^^M^. SDS buf 

>:fu>y^j\^J>.\^hy>:^yT — \^tco l^^i^k U-CAKL5Cl(v?^/•«^^3l•:^ 

v^— 2i5!<C^^ : anti-^!>><.(LIFE SCIENCE) T^^tJta^ ECL (amersham pharmacia 

biotech) inm r±^Mt^^ y K<^^ttj ^^ro fc„ 

vxm^ t ^ ifmmm^^n±f3::b^-^fc„ mce f^i^m^'cfc ^-xr^^^d^i^ < . je^ 
fj:fm<D^mzmi:>^tm^^^^i>K m^Ayt(Dmi:>^iti^^nxis^-rs hd 
AC6 ^m^-r^ r t nwi^mi^^^i^^'^mm^^:^ btis, ;$:i^K©'fb'a'i^{c 
HDAC6 mmi¥mi)mnKm < ^ tsa ic:/^v>f->^^-r T^j^i^^sfe^ - ^ 

±3^<^ii s «pj<^4k'a-tif^ s HDAc 1 , 4 \z.^ \^xwm\m\i^um^'i^^ 

m-to ^oT. ;*:^5g(^'fb'a'«^i4> HDAC^ t^t>n. HDACl, 4{C||#UTV>-5 
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3t;^^*^ffiv^5 ^ t Je: J; !? . i t> ®*ltt<^if v> hdac W^WSi ^©M^icW^-f 
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1. uro-m^ (1) -c^^tt^jb-a-i^o 

^43 P 




R23. R32. R33> R42. R4sf*^tt-eH33liLT7K^. ^micl'-6<^Ei^T/V'¥/i'S 
/k^/vS©v>T*td=»^^1-o 821^822. R22 ^ R23. R31 ^ R32. R32 ^ R33. R41 

I'-s ©E^r/W'aev:/s, mmwc i~6 ©^i^^^^-rsiift^m^ i~5 

5wt^fo5T/^=¥/vK%L<firy->'VS. ^fc»taul3R22, R23. R32. R33. R42 
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